Background: Mortality among human immunodeficiency virus-1 (HIV-1) infected children initiated on antiretroviral therapy (ART) though on a decline still remains high in resource-limited countries (RLC). Identifying baseline factors that predict mortality could allow their possible modification in order to improve pediatric HIV care and reduce mortality.
Introduction
There were 35.3 million people living with the Human Immunodeficiency Virus (HIV) infection globally in 2012 with the majority in sub-Saharan Africa (SSA) [1] ; of those, 2.9 million are children living in SSA [2] . There has been a steady decline in HIV-related deaths globally and this has been attributed to the scaling-up of Antiretroviral Therapy (ART), with deaths in children estimated at 210,000 in 2012 [1] .
Despite this decline, the proportion of deaths remains higher in resource-limited countries (RLC) [3] [4] [5] [6] [7] [8] [9] [10] compared to resource-rich countries (RRC) [11] [12] [13] . A recent systematic review reported an approximate 10-fold difference in mortality between children in RLC versus RRC after ART initiation, with a mean mortality rate of 8.0 in RLC versus 0.9 deaths per 100 child-years in RRC. Studies in Africa on HIV-related mortality are complex due to other significant non-HIV causes of mortality [3] [4] [5] [6] [7] [8] [9] . The mortality rates in these studies ranged from 4.0 deaths per 100 child-years in Ethiopia [4] to 8.4 deaths per 100 child-years in Kenya [3] . Similar studies from Nigeria are lacking. Identification of baseline factors that predict mortality could allow for their possible modification in order to improve pediatric HIV care and reduce HIV-related mortality in RLC.
In this study, we determined the mortality rate and predictors of mortality in HIV-1 infected children initiated on ART attending the paediatric HIV clinic of the Jos University Teaching Hospital (JUTH) in Plateau State, Nigeria. met the criteria for loos to follow-up (LTFU), those transferred from other HIV care facilities to our clinic and who were already on ART at time of presentation, were excluded from the analysis.
Study setting
This evaluation was conducted utilizing data from the AIDS Prevention Initiative in Nigeria (APIN)-supported pediatric HIV clinic at JUTH. This clinic provides comprehensive HIV care services for the city of Jos, which is located in the Jos North Local Government Area (LGA) of Plateau State. The 2006 national census puts the population of the state at about 3,206,531 with the state capital having a population of approximately 900,000 [14, 15] . The clinic serves as a referral center for both health facilities in the other LGAs of the state and neighboring states in the country. During the study period, APIN was supported by the U.S. Department of Health and Human Services, Health Resources and Services Administration in collaboration with the Harvard School of Public Health, through a PEPFAR grant.
Patient care and management
The diagnosis of HIV and the criteria for initiating ART in children were based on the 2010 Nigerian National Guidelines for Paediatric HIV and AIDS Treatment and Care [16] ; prior to the adoption of the 2010 Nigerian Guidelines, which recommends that all HIV-infected children <24 months of age should be started on ART, there were two previous WHO guidelines (the 2006 guidelines, which used CD4 + count or CD4% levels for determining when to start ART, and the 2008 guidelines, which recommended that all children <12 months of age should be started on ART irrespective of their CD4 + count or CD4% levels) that covered patients included in this evaluation. For HIV serodiagnosis, children aged 18 months and above had two different rapid HIV tests -Uni-Gold (Trinity Biotech Plc Bray Co.; Wicklow, Ireland) and Determine (Determine Alere Medical Co. Ltd.; Matsuhidai, Japan) HIV-1/2 tests. For those under 18 months of age, the Amplicor HIV-1 DNA PCR test, version 1.5 (Roche Molecular Systems; Branchburg, NJ, USA) was used for diagnosing HIV infection.
For most patients, ART is started within 2 to 4 weeks of HIV diagnosis. For this cohort, the ART regimen most commonly used was zidovudine (AZT)+lamivudine (3TC)+nevirapine (NVP); however, if the patient was diagnosed with PTB at the time of ART initiation, NVP was replaced with efavirenz (EFV) in the regimen. From the time of HIV diagnosis or ART initiation, the children were monitored, initially every 1 or 2 weeks for one month then at 4-week intervals thereafter. The diagnosis of PTB at the time of presentation was based on the 2010 Nigerian National Tuberculosis and Leprosy Control Programme guidelines [17] , which include clinical and radiological features, history of TB contact and Mantoux test for children with HIV.
All children had laboratory tests performed as part of routine clinical care. Laboratory evaluations of the patients was done every 6 months to monitor adherence and adverse drug reactions; tests included: viral load enumeration, CD4 + count, full blood count (hemoglobin/ packed cell volume levels and white cell counts), blood chemistry (liver function tests and serum creatinine level). The CD4 + lymphocyte count was measured using Flow cytometry (Partec GmbH, Munster Germany) and HIV-1 RNA viral load was measured using Roche Cobas Amplicor HIV-1 Monitor, version 1.5 (Roche Diagnostics GmbH, Mannheim, Germany) with a limit of detection at 400 copies/ml.
Patients and their caregivers received continuous adherence Counseling during each clinic follow-up visit. Adherence Counseling was done by trained nurses and adherence counselors, who themselves were trained by professional adherence counselors from the Harvard School of Public Health. Also, to enhance adherence, patients and their caregivers were taught how to use alarm clocks daily for reminding them of when the next ARV dose is due.
Patients were promptly treated for any identified intercurrent infections, including opportunistic infection (OIs). They were also managed for any associated malnutrition and this includes the use of 'plumpy nuts' in some cases and nutrition education. The caregivers were encouraged to be part of the HIV support group.
Source of data
All patient clinical data were maintained on-site in electronic databases; data were entered into electronic medical records systems (EMRS) from paper-based records that were completed at the point of care. For these analyses, we abstracted all patient data from the EMRS.
The baseline data were obtained near time of ART initiation and included the following.
Variables: demographic (age, sex), clinical (height, weight, WHO HIV clinical stage, oral thrush, diagnosis of pulmonary tuberculosis (PTB), commencement of cotrimoxazole (CTX) for OI prophylaxis and deaths) and laboratory (hemoglobin (Hb) level, viral load and absolute CD4 + cell count). We determined Z-scores, adjusted for age and sex, from the weight and height of the study subjects, using the WHO AnthroPlus software [18] . The Zscores were then categorized into a binary variable using the WHO cut-off of Z <−3 for severe malnutrition (weight-for-age (WAZ)-3) [19] . Severe immunodeficiency was determined using the absolute CD4 + cell count as recommended by the WHO [20] , which included: < 1500/mm 3 for children <11 months, <750/mm 3 for those 12-35 months, <350/mm 3 for those 36-59 months and <200/mm 3 for those >5 years. Hemoglobin from whole blood counts was also categorized into a binary variable using the WHO cut-off of Hb<8 g/dL for designation of anemia [21] .
Outcome variable
The outcome was death from HIV-related causes, ARV drug toxicity, or unknown causes. The cause of death was ascertained using hospital records or by means of a verbal autopsy from family members. Children who transferred to another facility or voluntarily withdrew from care were considered as LTFU and were excluded from the analyses since their outcomes were not know. Each child was followed from the time they initiated ART until death or the end of study period (31 st December 2013).
Statistical analysis
The associations between each independent variable and death was examined using the Chi squared or Fisher's exact test for categorical variables and the Wilcoxon-Mann-Whitney test for continuous variables. Kaplan-Meier survival methods were used to estimate the cumulative probability of death and the survival curves were compared between groups using the log-rank test. Unadjusted Cox proportional hazards regression modeling was used to examine the association between the independent variables and death. Variables that were associated with death in the unadjusted Cox regression at p<0.20 were fit into a multivariate Cox regression model. A forward step-wise modeling strategy was used where variables with p<0.05 remained in the model and those with p>0.10 exited the model, at each step of the modeling process. Results were expressed as Hazard Ratios (HRs) with their 95% confidence intervals (CIs). All analyses were performed using Stata software version 10.0 (Stata Corporation, College Station, Texas, USA) and all tests were two-sided with a p-value of <0.05 considered statistically significant.
To test for the potential impact of those that were excluded, we repeated our multivariate modeling treating those that were excluded as having died.
Ethical approval
The parents/guardians of the children provided written informed consent for secondary use of data for research which was approved by the Ethics Committee of the Jos University Teaching Hospital, AIDS Prevention Initiative in Nigeria, Ltd./Gte (APIN) and the Institutional Review Board (IRB) at the Harvard School of Public Health.
Results

Baseline characteristics
Between 2005-2013, 941 children were diagnosed with HIV-1 infection at the Jos University Teaching Hospital. Of those patients, 744 (73.4%) initiated ART. For this analysis, we excluded 53 (5.6%) patients that, either transferred, withdrew or were LTFU. Among those initiated on ART, the median age was 3.7 years (IQR, 1.8-6.9), with 353 (51.1%) being males and the median follow-up time since initiation of ART was 4.4 years (IQR, 1.8-5.9). The total study time contributed by the study participants was 2752 person-years. There were 51 (7.4%) children with PTB, 24 (3.5%) with oral thrush, 284 (41.1%) with WHO clinical stage 3 or 4, 574 (83.1%) receiving CTX prophylaxis prior to commencing ART, 147 (21.3%) with severe malnutrition, 34 (4.9%) with anemia and 283 (41%) with severe immunodeficiency at ART initiation. The median baseline CD4+ cell count and CD4% were 480 cells/μl (IQR, 249-810) and 17 (IQR, 10-26) respectively, while the HIV RNA log viral load was 10.7 log10 copies/ml (IQR, 8.9-12.2) ( ART
Mortality after initiation of ART
Of the 691children initiated on ART, 32 (4.6%) had died by the end of the follow-up period. The overall mortality rate was 1.0 per 100 child-years of follow-up (95% CI, 0.7-1.5). The median follow-up time of those who died was 0.1 years (IQR, 0.03-0.5) and their median age was 1.7 years (IQR, 0.6-3.6). The median age of those who died was about two times lower than that of survivors (1.7 years (IQR, 0.6-3.6) versus 3.9 years (IQR, 3.9-10.3), p<0.001) ( Figure 1 shows the Kaplan-Meier survival probabilities overall, by sex, age group and PTB. In unadjusted analyses, the log rank tests indicated significant associations between sex, as well as age group with mortality risk from time of initiation of ART (p=0.03 and p=0.01 respectively).
In the unadjusted Cox regression analysis, the risk of dying was about three and half times more in children <5 years of age as compared to those >5 years (p=0.02), about two and half times more in males compared to females (p=0.03), and 2.1 times more in patients with a WAZ<−3 those with a WAZ ≥ −3 ( Table 2) . Following multivariate Cox regression modeling age was the only variable that remained in the model as significant predictor of mortality, with the risk of dying decreasing by 24% for every 1 year increase in age, p=0.013; Table 2 . In sensitivity analyses, where we included all the LTFU patients as having died, we found no significant change in our overall outcomes.
Discussion
The mortality rate in this study among HIV-1 infected children initiated on ART was 1.0 per 100 child-years and the main predictor of mortality was age.
This mortality rate was low compared to the rates of 4.0, 4.7 and 8.4 per 100 child-years reported in Ethiopia [4] , South Africa [5] and Kenya [3] respectively. The lower mortality rate may be due to the higher baseline median absolute CD4+ cell count (480 cells/μl) at ART initiation and a lower proportion (41.0%) of children with severe immunodeficiency in our study cohort as compared to those found in the South African (CD4 count: 226 cells/μl; 47.7% severe immunodeficiency) and Kenyan studies (CD4 count: 286 cells/ μl; 89% severe immunodeficiency), respectively [3, 5] . of their CD4 + cell count or CD4% levels, were initiated on ART (in compliance with the Nigeria 2010 guidelines), whereas the South African study (analyzed data from [2002] [2003] [2004] [2005] [2006] [2007] [2008] where the mortality rate was 4.7 per 100 child-years, children <18 months were commenced at CD4% of <20% based on the South African 2004 guidelines. Newer and current guidelines recommend initiating ART at much higher CD4 + cell counts or CD4% levels. Low baseline CD4 + levels or severe immunodeficiency has been previously associated with increased mortality [3] [4] [5] [6] , which could be attributed to the associated comorbidity from OIs like PTB and life-threatening bacterial infections [22] [23] [24] .
Another explanation for our study's low mortality rate may be the high proportion (83.1%) of children that were on CTX prophylaxis as compared to the 52.3% in the Ethiopian study [4] . A large doubleblind, randomized placebo-controlled trial from Zambia demonstrated the benefits of CTX prophylaxis in reducing morbidity and mortality in HIV-infected children regardless of CD4 + levels at baseline [22] . The small proportion of children with severe malnutrition (21.3%) and PTB (7.4%) at baseline, in our study cohort may also explain the low mortality rate in our patient cohort, as these co-morbid conditions are also associated with increased mortality in children.
The low mortality rate of 1.0 per 100 child-years found in our study was close to the figure of 2.0 reported in the United Kingdom in 2001-2002 [13] . This may suggest that the level of care provided by our pediatric HIV clinic was of a fairly good standard, perhaps comparable to that of RRC. Our clinic is well-staffed with pediatricians, nurses, laboratory scientists, and other health care workers that were well-trained in the management and care of children with HIV. The staff provided regular counseling and caregiver/patient education that are critical for the supportive care of HIV-infected children. The role the good standard of care could have played with respect to the issue of a lower mortality in our setting was also reflected in the low nonadherence rate of 5.8% for ART we have observed in a recent study [25] . In addition, our laboratory services are of high standard and provide the needed results on time to enhance patient management.
We found age as the main predictor of death, with mortality decreasing by 24% for every 1 year increase in age; with the risk of dying being about three and half times more in children <5 years compared to those >5 years and the IQR of their ages was 0.6-3.6 years. This finding was similar to that of Bolton-Moore et al. in Zambia [6] , where the median age of children on ART who died was 46 months (3.8 years). They also observed that among younger children (<5 years), mortality was associated with lower WAZ score. This observation was also similar to ours, as we noted that majority (83.3%) of our patients <5 years of age who died also had severe malnutrition (WAZ <−3). Severe malnutrition could have contributed to the increased mortality in this age group. In RLC, severe malnutrition is a well-recognized cause of mortality in those aged <5 years. Additionally, the majority of our patients <5 years who died also had PTB (100%) and severe immunodeficiency (93.8%), which also potentially contributed to the increased mortality in this group.
Our finding in multivariable Cox modeling that sex does not predict mortality, contrasts with that of Zanoni et al., who reported that female gender was associated with increased mortality in HIV infected children initiated on ART in South Africa [5] and that of another North American study where mortality rate was higher in female children [26] . Zanoni et al. concluded that it was unclear whether this disparity was attributable to intrinsic biological differences between the sexes or social differences such as delayed presentation for care, differences in parental supervision of boys and girls, or devaluation of the female gender that could place females at a higher risk of mortality after ART initiation in South Africa [5] . We were unable to corroborate their findings in our analyses.
In our study, the proportion of those who died was higher than that of survivors (37.5% vs. 11.1%) in the age group <1 year (infants) as compared to the other age groups. It has previously been reported that infant mortality is higher in boys than girls in most parts of the world [27] [28] [29] and this has been explained by gender differences in genetic and biological makeup. Our observation that mortality in children under 5 years of age was higher than the other age groups combined with the higher mortality in males (66.7%) than females (33.3%) is consistent with the findings of Sawyer et al. that on average, boys' under-five mortality in the 2000s was about 2% higher than girls' in less developed regions like Africa [28] .
Previous studies in RLC have found an association between severe immunodeficiency and mortality [4, 7] . The reason that severe immunodeficiency is usually associated with higher mortality is because of the associated co-morbidities, such as PTB and life-threatening bacterial infections [23, 24] as well as severe malnutrition. Severe malnutrition in children usually results in marked depression of both cell-mediated and humoral immunity reducing their ability to cope with life-threatening infections [30, 31] . In our study, though severe malnutrition was not an independent predictor of mortality in the multivariate Cox regression modeling, it was associated with mortality in the bivariate modeling. The presence of severe immunodeficiency is usually considered an indicator of late presentation for health care, resulting in late HIV diagnosis and treatment [32] [33] [34] [35] which could lead to poorer outcomes [6, 36] .
A limitation of this study was that, the low mortality rate we reported may be an underestimate. It is possible that of the 53 (5.6%) children that were LTFU some may have died; had they been included in the analysis, the mortality rate may have been higher. However, this was unlikely because a sensitivity analysis considering all LTFU as dead yielded a similar rate of 0.97 per 100 child-years of follow-up (95% CI, 0.67-1.40).
Another limitation could be the sample size used for our analysis, which may not have being adequate. This was suggested by the strong association with non-significant p-values that we saw between some of the predictor variables and mortality in the bivariate Cox regression analysis. Finally, another limitation were missing values for some variables used in the regression analyses; while missing data are noteworthy, we suspect that the impact should be minimal given that no more than 10% of values were missing for any given predictor (except in the case of viral load, which we therefore, we did not use in the multivariate modeling). 
Conclusion
The lower mortality rate for our study suggests that even in RLC, mortality rates could be reduced given a good standard of care. Early initiation of ART in younger children with close monitoring during follow-up could further reduce mortality. Survival following diagnosis and initiation of ART. Kaplan Meier survival curves: plot A shows the survival probability for the cohort of children while plots B, C and D show unadjusted associations between Sex, Age group and PTB with mortality risk after initiation of ART. 
